The long head of the biceps tendon is frequently a cause of anterior pain in the shoulder. It has been reported that subpectoral biceps tenodesis reliably improves function and relieves pain [1] . Various open and arthroscopic techniques for biceps tenodesis with different fixation methods have been described. Some of the indications for performing biceps tenodesis are: intractable biceps tendinosis with or without labral pathology, biceps tears involving 50 % or more of the tendon, medial subluxation of the biceps tendon and combined subscapularis tears and biceps subluxation, where tenodesis is performed to protect the subscapularis repair [2, 3] .
It has been reported that subpectoral biceps tenodesis with an interference screw is a viable treatment for patients with the indications given above [3] , but as in any other surgical procedure, complications exist. Complications following supbectoral biceps tenodesis have been described by several authors including failure of hardware, hematoma, seroma, infections, bioabsorbable screw reaction, persistent bicipital pain, neurovascular injury, damage to the brachial artery, screw prominence and fractures [4, 5] .
The purpose of this study was to report the complication rate after subpectoral biceps tenodesis using interference screw fixation. The hypothesis is that subpectoral biceps tenodesis is a safe and effective method for treating long head of the biceps pathology with a low complication rate.
Methods
This study had prior Institutional Review Board approval. A data registry was searched for all patients who had a biceps tenodesis over a period of 5 years (November 2005-June 2011) and 636 patients were located who underwent biceps tenodesis by the same surgeon. Patients who underwent subpectoral tenodesis with intereference screws using a standardized technique were included in the analysis. Soft tissue tenodesis, arthroscopic tenodesis, traumatic ruptures, total joint replacements and revision cases were excluded. Only patients who underwent a complete physical examination after surgery were included in the study.
For each patient, all of the surgical notes and the first and most recent postoperative notes were reviewed. Patient demographics were captured in a spreadsheet which included age, gender, previous and additional surgery, revision surgery, medical issues, concomitant procedures, affected side and interference screw size. Information such as level of sports and worker compensation cases was also collated in the spreadsheet. Once a complication was found, it was noted in a separate spreadsheet to collate data and perform a final analysis.
Surgical indications and technique
The indications to surgically treat the biceps were based on clinical presentation of bicipital groove pain, partial or subtotal ruptures, degenerative superior labrum anterior and posterior lesions, long head of the biceps instability and positive provocative tests where pathology was confirmed by arthroscopic examination. The standardized technique consisted of an intra-articular release of the proximal portion of the remaining tendon either open or arthroscopically. With the arm internally rotated and abducted, the inferior border of the pectoralis major tendon was palpated and an incision made 1 cm superior to the inferior border and continued 1-2 cm below the inferior border as described by Millett et al. [1] and Mazzocca et al. [5] . The proximal portion of the tendon was resected and the remaining portion was fixed with a tenodesis interference screw (Arthrex, Naples, FL.) into a previously drilled bone tunnel of the same size. Soft tissues were closed in a standard fashion.
Results
Of the 636 patients who underwent biceps tenodesis, a total of 491 underwent subpectoral biceps tenodesis and met the study inclusion criteria. Of the patients, 31 were lost to follow-up, another 31 were revision cases from other centers that were excluded and the rest were patients who had either soft tissue tenodesis or partial or complete arthroplasty. The time for follow-up after the surgical procedure ranged from 1.1 to 6.7 years.
Of the 491 patients who had subpectoral biceps tenodesis, 344 were male patients (70.1 %) and 147 were female (29.9 %). A total of 39 patients (7.4 %) were worker compensation cases and 457 patients (93.1 %) had concomitant procedures which included rotator cuff repair, subacromial decompression, labral repair, capsular release, nerve decompression, acromioclavicular reconstruction and debridement. A total of 34 patients (6.9 %) had an isolated subpectoral biceps tenodesis.
Out of the 491 patients, complications occurred in 12 (2.4 %), 9 in men and 3 in women. There was one major complication of a proximal humerus fracture that occurred through the tenodesis site Complications following subpectoral biceps tenodesis with interference screw fixation Abstract Background. Subpectoral biceps tenodesis is considered an effective and increasingly popular method to manage long head of the biceps tendon pathology and combined lesions of the biceps labral complex. The purpose of this study was to report the complications following this procedure in a large prospective group of patients using a consistent technique. Hypothesis. Subpectoral biceps tenodesis is a safe and effective method for treating long head of the biceps pathology with a low complication rate. Study design. Case series. Level of evidence IV. Methods. This study had prior Institutional Review Board approval. Over a period of 5 years, 636 patients underwent subpectoral biceps tenodesis by the same surgeon. Patients who underwent subpectoral tenodesis with interference screws using a standardized technique were included in the analysis.
Those who underwent biceps tenodesis for a chronic long head biceps rupture, those who underwent concomitant shoulder arthroplasty and those who underwent revision biceps tenodesis were excluded. All patients included in the study also underwent a postoperative physical examination. Results. From November of 2005 to June of 2011, 491 patients met the inclusion criteria, 344 patients were male, 147 female and 39 were worker compensation cases. Out of the 491 patients with subpectoral biceps tenodesis, complications occurred in 12 patients of which 11 were considered minor and 1 was considered a major complication. The major complication was a proximal humerus fracture that occurred through the drill hole 2 weeks postoperatively. This was clearly due to a technical error where the drill hole was placed eccentrically in the humeral shaft. There were 11 minor complications; 5 cases had a rupture at the fixation site, 2 other cases had ruptures at the muscle-tendon junction site (distal to the tenodesis) and 1 patient had a rupture in continuity. Two cases had minor sprains that presented only with mild pain and resolved completely and one other case needed to be revised due to a prominent screw. All of the complications occurred within the first 2 months after surgery and 2 were in worker compensation cases.
Conclusion. An overall complication rate of 2.4 % validates the hypothesis of a low complication rate after subpectoral biceps tenodesis. These results support the conclusions from previous biomechanical studies that have shown good bone-tendon-screw interface fixation strength. 
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Previous studies have demonstrated that there is variability in the outcome and strength of fixation after subpectoral tenodesis [6] [7] [8] . The present study demonstrated a low complication rate of 2.4 % following subpectoral biceps tenodesis with interference screw fixation. Nho et al. [4] described a series of 353 patients with a complication rate of 2.0 %. This is one of the largest case studies examining the complications of subpectoral biceps tenodesis. A recent study has examined clinical outcomes for revision biceps tenodesis after subpectoral biceps tenodesis, finding improvements in clinical outcomes and patient satisfaction after the revision surgery [9] .
In the present study, the analysis also showed that complications appeared early after surgery within the first year (usually in the first 2 months) which is consistent with other studies [4, 9] and indicates that complications most commonly arise from technical problems or issues with healing in the early postoperative period. While some of the patients in this study had a follow-up of less than 2 years, this time is considered acceptable because failures were typically seen in the early postoperative period and clinically no late failures have been reported [9] .
Although the biomechanical role of the long head of the biceps tendon has yet to be defined [10] , it can be a pain generator in the anterior shoulder and can be treated either by arthroscopic proximal or miniopen, distal subpectoral tenodesis [11] [12] [13] when the previously mentioned indications are encountered. Isolated tenotomy is another option for treating pathology of the long head of the biceps. Tenotomy may allow faster return to normal activities and decreased rehabilitation after surgery but it has resulted in unacceptable Popeye deformities and muscle cramp in some individuals [11] .
While long head biceps pathology can be treated either by tenodesis, tenotomy or conservative treatment options, it has been shown that subpectoral biceps tenodesis provides a reliable means of treating pathologies of the biceps without cosmetic deformities and with alleviation of pain [1] with a low complication rate Limitations of the study include the retrospective nature and the lack of a control group to compare with the other available treatment options.
Conclusion
An overall complication rate of 2.4 % validates the hypothesis of a low complication rate after subpectoral biceps tenodesis. These results support conclusions from previous biomechanical studies that have shown good bone-tendonscrew interface fixation strength. Further research is needed to compare results with isolated tenotomy and arthroscopic tenodesis and to define which of these options may have the best long-term outcome and the lowest rate of complications combined with the highest rate of patient satisfaction.
